Learning pointsCardiac autotransplantation is a good solution for tumours that are difficult to be resected completely by orthotopic cardiac transplantation.The application of 3D printing is of great help to the plan design and implementation of surgeries.Technical details of cardiac autotransplantation are the key to successful surgery.

Introduction
============

Primary cardiac tumours are rare with an incidence of around 0.0017--0.03%.[@ytz205-B1] They can occur in each cardiac chamber. In those patients with a large tumour volume, haemodynamic obstruction, presence of cardiac arrhythmia or drug resistance, the tumours should be resected as soon as possible.[@ytz205-B2] Since Cooley firstly used cardiac autotransplantation to resect left atrial tumours in 1985, reports on cardiac autotransplantation in the resection of cardiac tumours are rare, and no cases of cardiac autotransplantation has been reported where the cardiac tumours in infants under 2-month-old were resected.[@ytz205-B3] We successfully performed cardiac autotransplantation in a 2-month-old infant with primary giant left ventricular tumour.

Timeline
========

  ----------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  14 January 2019   A 2-month-old male infant was admitted to our hospital due to paroxysmal supraventricular tachycardia
  15 January 2019   This infant was diagnosed with left ventricle tumour by colour Doppler echocardiography and computed tomographic angiography
  21 January 2019   The 3D heart model showed a 27 × 17 × 25 mm mass that originated from the anterior and lateral wall of the left ventricle, occupying 80% of cavity volume of the left ventricular obstructing mitral valve inflow
  26 January 2019   Cardiac autotransplantation was performed
  29 January 2019   Weaning from mechanical ventilation
  3 February 2019   Discharge from intensive care
  8 February 2019   Hospital discharge
  ----------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Case presentation
=================

A 2-month-old 4.8 kg male infant was admitted to our hospital due to paroxysmal supraventricular tachycardia. Later this infant was diagnosed with left ventricle tumour by colour Doppler echocardiography and computed tomographic angiography (*[Figure 1](#ytz205-F1){ref-type="fig"}*). Based on imaging measurements, the tumour was large relative to left ventricle. In order to better reveal the adjacent relationship between tumour and surrounding tissues, we used 3D printing to restore the heart of this infant. The heart model showed a 27 × 17 × 25 mm mass that originated from the anterior and lateral wall of the left ventricle, occupying 80% of cavity volume of the left ventricular obstructing mitral valve inflow (*[Figure 2](#ytz205-F2){ref-type="fig"}*).

![(*A*) Echocardiography showed a left ventricular mass, 25 mm × 13 mm. (*B*) Computed tomographic angiography showed a left ventricular mass.](ytz205f1){#ytz205-F1}

![3D printing showed a 27 × 17 × 25 mm mass originating that originated from the posterior anterior and lateral wall of the left ventricle.](ytz205f2){#ytz205-F2}

In view of the extensive adhesions of the base of the tumour to the anterior wall and side wall of left ventricle, as well as its proximity to the mitral valve, chordae tendineae, and other important anatomical structures, the orthotopic cardiac tumour resection would be difficult and risky; therefore, we adopted the technology of heart autotransplantation. The surgical procedure was briefly described as follows: open a median sternotomy incision, institute cardiopulmonary bypass, isolate the heart, remove the tumour, and return the heart to its original position (*[Figure 3](#ytz205-F3){ref-type="fig"}*). Histology revealed rhabdomyoma (*[Figure 4](#ytz205-F4){ref-type="fig"}*). The afflicted child left hospital 13 days thereafter and no tumour recurrence or arrhythmia in 5 months of follow-up.

![The tumour was resected through the mitral valve orifice. The tumour was removed completely.](ytz205f3){#ytz205-F3}

![Tumour specimens. Histology revealed rhabdomyoma.](ytz205f4){#ytz205-F4}

Discussion
==========

The diagnosis for cardiac tumours is not challenging, but echocardiography, computed tomography, and magnetic resonance imaging are inefficient in reflecting the size of tumours and the contiguity to normal surrounding tissues. 3D printing technology presents great advantages in grasping the size and location of tumours and their contiguity to surrounding tissues. It can help surgeons make surgical plans and locate the tumours during the surgery.[@ytz205-B4] In this case, 3D printing technology was used to reflect the internal structure of the heart. Speaking of *in situ* resection of cardiac tumours, regardless of the mitral valve orifice, aortic valve orifice, or apical incisions, the resection of tumours is still difficult to complete, not to mention that the risks of damaging the valves and chordae tendineae are high. Therefore, it was decided that cardiac autotransplantation, *in vitro* resection of cardiac tumours, and cardiac reconstruction should be adopted.

Compared with the mitral valve exposed through the atrial septum or left atrial incision under the *in situ* condition, the isolated heart can be fully expanded through the left atrial incision without excessive traction-induced damage to the mitral valve, and the angle of the heart can be adjusted to facilitate the operation. Because of the deep infiltration of the tumour base, the obstruction of the tumour, and the minimal operational field of vision for the narrow cardiac chambers, the resection near the apex was performed by assistants to squeeze the tumour out of the mitral valve orifice by gently squeezing and supporting the surface of the left ventricle upwards, so that the base can be more clearly exposed for resection.

Cardiac autotransplantation is more difficult than allogeneic heart transplantation in that: (i) the right atrium must be anastomosed with the superior and inferior vena cava and (ii) due to the shortage of tissues caused by cardiac resection and heart implantation, it is difficult to suture, and no additional tissue can be retained for anastomosis. In this case, due to the small heart and the thin blood vessels and tissues, the operation was more difficult. Therefore, we emphasize the following technical details. (i) The establishment of extracorporeal circulation: the ascending aorta was intubated near the brachiocephalic trunk, and the superior vena cava was intubated at the junction of the superior vena cava and the innominate vein to ensure that at least 1-cm superior vena cava was left at the proximal end of the catheter for separation and anastomosis. The inferior vena cava must be separated from the diaphragmatic attachment so that it can be intubated from the anterolateral wall of the lower inferior vena cava. The inferior vena cava should be retained at least 1 cm in length from the intubation site to the right atrium for separation and replantation. (ii) The resection of the heart: the aorta as well as the superior and inferior vena cava should be transected at the above positions, respectively. Attention should be paid so as to avoid damaging the sinoatrial node. The transection of the pulmonary artery should be near the pulmonary artery bifurcation. Incision of the left atrium is hard to execute. Firstly, the left atrium was probed through the foramen ovale with right-angle forceps and topped it at the opening of the right superior pulmonary vein. The left atrium was incised with this marker, and the top of the other three pulmonary vein openings was used as markers along this level to incise the left atrium carefully. Attention should also be paid to mark the opening of the left superior pulmonary vein using sewing marking lines so as to avoid distortion during anastomosis. (iii) The implantation of the heart: the left superior pulmonary vein was sutured with the markers retained during resection. The left atrium was closed by suturing the left superior, left inferior, right inferior, right superior, left superior, and right superior pulmonary vein in succession. Subsequently, the aorta and inferior vena cava were anastomosed successively, and the aorta was opened to reduce the blocking time. Finally, the superior vena cava and main pulmonary artery were anastomosed.

Conclusion
==========

The case of removal of primary cardiac tumours by cardiac autologous transplantation reported here is a rare case with low age and low weight in the world. Although this procedure requires close cooperation between a good heart transplant technique and an anaesthesia monitoring and care team, it is a good solution for *in situ* unresectable tumours.
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